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GEOLOGY OF DEBEQUE OIL-SHALE AREA, GARFIELD AND MESA COUNTIES, COLORADO

INTRODUCTION

The DeBeque oll-shale area lncludes about 375
square miles of rugged land, chiefly in Garfield
County, Colorado, north, northwest, and northeast from
the town of DeBeque. The southernmost tip of the area
lies in Mesa County. In the area many beds of oil
shale, distributed through a sequence of marlistone that
ranges from 550 to 1,225 feet 1n thlckness in the
Green River formation, are prospectively valuable as a
source of liguid fuel.

Earliest prospecting of oll shale in Colorado was
conducted in the area of Roan Creek and its tributaries
about 1910. Prospecting was considerably more active
during and after World War I, and by the early 1920's
several experimental oll-shale processing plants had
been constructed. With the development of large pet-
roleun reserves 1ln other parts of the Unlted States
during the late 1920's, Interest in oil shale lagged
until oil shortages d.eveloged during World War II.
During the period from 1944 to 1949 several organiza-
tions sampled the oil shales of the DeBeque area and
experimented In processing them. Phillips Petroleum
Co., Standard 0il Co. of California, Union 0il Co.,
and Sun 01l Co. conducted surface or core-drill sam-
pling and to varying degrees experimented in proces-
sing the oil shale. The U. S. Bureau of Mines con-
ducted more extensive sampling and experimental mining
and processing in the adjacent area to the east, which
includes Naval 01l Shale Reserves 1 and 3.

The area north of the Colorado River, between
Rifle and DeBeque, included partly in this report and
partly in an earlier Geologlcal Survey report on the
Naval 011 Shale Reserves (Duncan and Denson, 1949), is
perhaps most favorably situated for future development
of an oll-shale Industry in Colorado. The richest ex-
posures of shale are found here and steep slopes below
the oll shale cliffs allow for easy disposal of spent
shale from retorting. Water of the Colorado River is
close at hand but appropriation for other use may ser-
lously Interfere with its availability. U. S. High-
wvays © and 24 and the main line of the Denver and Rio
Grande Western Raillroad facilitate the transportation
of supplies to the area and afford access to markets.
The oll shale near DeBeque constitutes only a small
part of extensive deposits in western Colorado, east-
ern Utah, and southern Wyoming, which have been de-
scribed in earlier Geological Survey reports (Win-
chester, 1923; Bradley, 1931)

The Green River formation forms an extensive
plateau in northwestern Colorado, including the DeBeque
oll-shale area, where its altitude is about 8,300 feet.
The plateau 1s bordered by precipitous cliffs, known
as the Roan Cliffs, formed by a thick sequence of marl-
stone and oil shale, below which steep, barren, talus-
strewn slopes descend 2,500 to 3,500 feet to the val-
leys of the Colorado River and its tributaries. The
north-facing slopes are relatively gentle and are
covered with trees.and brush. The southern margin of
the plateau in the DeBeque oll-shale area is a few
mliles north of the Colorado River and is intricately
and deeply incised by steep-walled canyons cut by
tributaries of the Colorado. Many trails leading fram
the valley to the plateau afford comparatively easy
access by foot or horseback to the more remote parts
of the DeBeque area; automobile roads traverse the
valleys, but the only automobile road on the plateau
is along the north margin of the area.

Ten detailed stratigraphlc sectlons spaced at in-
tervals of 4 to 7 miles along the escarpment of the
Green River formation were measured in the DeBeque
area. The sections were measured with a hand level
and 6-foot steel tape. All oil-shale beds were chipped
clean with a pick, and small blocks of the beds were
broken loose from the outcrop; such blocks were exa-
mined critically and an estimate of the oil content of
the rock was made. Estimates of oil content were
based on the color, luster, texture, specific gravity,
and weathering features of the rock, and on compari-
sons of the field estimates with assays of selected
samples. The measurement of these 10 stratigraphic
sections demonstrated the persistence of many key beds
that are present also throughout the Naval 0il Shale
Reserves Nos. 1 and 3 (Duncan and Denson, 1949). The
cores from mine core drill holes drilled by private
operators in the DeBeque area, and the cores from two
holes drilled by a private operator and from one hole
drilled by the Federal Bureau of Mines, outside the
area but within a few miles of its east boundary, were
logged in detail. Many of the key beds recognized in
the outcrops were identified in the cores. The 21
stratigraphic sections and the cores from 18 core-
drill holes in the DeBeque oil-shale area and the ad-
jacent Naval 0il Shale Reserves 1 and > show that
many of the rich oil-shale beds persist through most
of these two mapped areas. .

Subsequent to the measurement of the stratigraphilc
sections the positions of the boundaries of the strati-
graphic members and formations were mapped, uslng as
a base the Geologlcal Survey's topographic maps of the
Parachute Creek, Grand Valley, Roan Creek, and High-
more quadrangles. Altitudes of several key beds and
of the geologic boundaries were determined largely
with aneroid barometers, although some altitudes were
determined by plane-table and telescopic alidade.

The field investi%ation was carried on by Fred R.
Waldron, John R. Donnell, James C. Wright, and W. M.
Zilbersher, assisted part-time by W. A. Jenkins, Jr.,
between July and October 1948; the field data were
compiled and the report was prepared by Waldron,
Donnell, and Wright between November 1948 and June
1949, and data on reserves were modified by Donnell in
1950 according to sample data made avallable after the
report was completed. Norman M. Denson, who was with
the field party 10 days in July 1948, identified the
formation and member boundaries and key beds, and
demonstrated for the members of the fleld party the
field methods used in previous lnvestigations. The
groject was under the general supervision of N. W.
ass,

The writers are indebted to englneers of the U. S.
Bureau of Mlnes and representatives of the oil com-
panies working in the area, who allowed analyses of
their drill cores and measured sectlons to be used in
the computation of oll ylelds. Camp facllities were
made avallable to the writers by the Standard 0il Co.
of California during the latter part of August and the
first part of September.

STRATIGRAPHY

The sedimentary rocks exposed in the DeBegue oil-
shale area have a total thickness of about 4,100 feet;
they consist, in ascending order, of Iinterbedded vari-
colored shale, lenticular sandstone and thin-bedded
limestone of the Wasatch formation, and thin-bedded
marlstone, oll shale, shale, and some sandstone of the
Green River formation; both formations are of Eocene
age. A small area of basalt of late Tertlary age
forms the sumnit of Mt. Callahan.

A generalized description of the rocks exposed
is given in table 1.

Wasatch formation (Eocene)

The Wasatch formation crops out in the mapped
area only along the lower slopes of the Colorado River
valley and along the valleys of the main tributaries
of the Colorado. The formation is particularly well
exposed on the south-, east-, and west-facing slopes.
The Wasatch formation consists of interbedded grey,
red, drab, and purple shale, sandy shale, and some
lenticular sandstone. The boundary between the Wa-
satch and Green River formations 1s rather sharply
defined, except on north-facing slopes, where the beds
are concealed, and near the confluence of Roan and
Clear Creeks in the south half of T. 6 &., R. 98 W.,
where the beds of the Wasatch and overlylng Green
River formation appear to Interfinger. The contact
was drawn in most places at the contact of a red
shale sequence below with a brown and gray shale se-
quence above. Only the upper part of the Wasatch for-
mation is exposed in the DeBeque area; the maximum
exposure 1is on the lower slopes of Mt. Logan and ex-
tends southwest to DeBeque, where the thickmess of ex-
posed beds exceeds 1,100 feet.

The Wasatch was not studied in detail; however,
considerable work on the Wasatch in this area has been
done by Patterson of the Field Museum of Chicago. He
applied the name DeBeque formation to the Wasatch and
assigned the lower part / of hlis DeBeque / which he
designated the Plateau Valley beds, to the Tiffany
stage of the Paleocene age. This assignment 1s based
on studies of vertebrate fossils collected near the
town of DeBeque (Patterson, 1939; Wood et al, 1941,

p. 18 and pl. 1). On this basis the lower part of the
Wasatch formation in this general area probably con-
tains some beds of upper Paleocene age but for pur-
poses of this report the Wasatch formation 1s consid-
ered Eocene.

Green River formation (Eocene)

Along Parachute Creek in the eastern part of the
map area, the Green River formation is divided 1lnto
four members which are, 1n ascending order, the
Douglas Creek, Garden Gulch, Parachute Creek, and
Evacuation Creek members. The Douglas Creek and
Garden Gulch members consist of tan and gray sandstone
and shale, and a few thin limestone and algse reef
beds; the Parachute Creek member contains mostly gray
to black thin-bedded marlstone; and the Evacuatlion
Creek member Includes siltstone, sandstone, and brown
marlstone.

The Green River formation 1s best exposed along
Parachute Creek, where 1t attains its maximum thick-
ness of 3,300% feet. The formation is only about
1,800 feet thick along Carr Creek and the upper part
of Kimball and North Dry Fork in the western part of
the area. There the upper part of the formation 1is
eroded. In the viclnity of Mt. Callahan the two
lower members of the formation were not distinguished;
there they are included in the lower sandy member of
the Green River formation. The rocks of the lower
sandy member change facles in the southwestern part of
the mapped area; there shale, siltstone, and limy
siltstone dominate the sequence, and the sandstone
beds are finer gralned and thinner bedded than else-
where 1n the area. The sequence in the southwestern
part of the area, accordingly, has been designated the
lower shaly member.

The Garden Gulch member 1s lnterpreted to repre-
sent offshore deposits that accumulated north of an
arc projected through Mt. Callahan and between Mt.
Logan and DeBeque, and thence northwest, passing
through the east part of Cow Ridge to Carr Creek, and
thence up Carr Creek to the west boundary of the
mapped area. South of this area rocks equivalent to
the Garden Gulch member are coarser textured, contaln
more sandstone, and appear to have been deposited near
shore. The oll shales of the Parachute Creek member,
however, extend south of the arc that separates the
near-shore deposits from the offshore deposits of the
Garden Gulch.

Douglas Creek member. The Douglas Creek member
of the Green River formation consists of gray, brown,
and buff shale; lenses of fine-grained sandstone,
silty sandstone and fine-gralned limestone; and a
few thin oolite and algae beds. The member contalns
only a few oll-shale beds, each of which 1s only a
few inches thick. The thickness of the member ranges
from 400 to 470 feet on Parachute Creek and is about
410 feet on the lower part of Clear Creek. The mem-
ber forms buff slopes and low cliffs.

Garden Gulch member. The Garden Gulch member of
the Green River formation overlies the Douglas Creek
member; it consists of gray and buff marlstone, lesser
amounts of shale and limestone, and a few thin beds of
0ll shale and, particularly in the lower part, beds
containing algae, ostracods, and oolites. The thick-
ness of the Garden Gulch member ranges from 640 feet
in Bowdish Gulch, southwest of Parachute Creek, to
480 feet on the lower part of Clear Creek. In the
vicinity of Mt. Callashan sandy and silty beds extend
up into and interfinger with the marlstone beds,
which elsewhere occupy the greater part of the member.
Along the western margin of the mapped area sandy and
silty beds and much shale interfinger with the marl-
sEone beds. The member weathers to steep smooth
slopes.

Lower sandy member. The lower sandy member of the
Green River formation 18 exposed only on the north,
east, and south slopes of Mt. Callahan. It 1s the
stra.{:igraphic equivalent of the combined Douglas Creek
and Garden Gulch members and the lowermost part of the
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Parachute Creek member. The lower sandy member con-
sists of brown- and gray-weathering sandstone and 1in-
terbedded grey shale, and a’'few thin beds containing
algae reefs, oolites, and ostracods. The upper part
contains much gray marlstone, parts of which are
silty. The thickness of the member is about 1,100
feet. It forms long steep slopes and low cliffs.

Lower shaly member. The lower shaly member of
the Green Rlver rormatlion is exposed along North Dry
Fork, Kimball Creek, and the upper part of Roan Creek
in the westernmost part of the mapped area. It 1ls ap-
proximately equivalent to the lower sandy member, and
therefore 1s equivalent also to the combined Douglas
Creek and Garden Gulch members and the lowermost part
of the Parachute Creek member. The upper part of the
lower shaly member consists mainly of gray marlstone
that is barren of oil shale, and a few beds of gray
and brown siltstone and limestone, some of which are
dolomitic. The lower part of the member conslsts
largely of gray shale. Beds of limestone, ranging
in thickness from a few inches to 4 feet and contaln-
ing algse reefs, oolites, and ostracods, are widely
distributed through the member. The member ranges in
thickness from about 1,000 to 1,180 feet. It forms
slopes and low cliffs.

Parachute Creek member, The Parachute Creek mem-
ber o Teen River lormation overlies the Garden
Gulch member; it ranges in thickness from 580 feet on
the western margln of the mapped area to 1,200 feet 1in
the central part of the area. Its outcrops form the
Roan Cliffs, which are 500 to 1,000 feet high and cap
the long steep slopes of the underlylng members of
the Green River formation. The Parachute Creek member
consists of thin-bedded marlstone that contalns vary-
ing amounts of organic matter and constitutes the
principal oil-shale beds. The member contains the
lower, middle, and upper oll.-sk- le zones; and se%nces
of beds that contain relatively few beds oS oil shale
are present between the oll-shale zones (fig. 1). In-
terbedded with the marlstone beds are (1) partings and
thin beds of altered tuff, (2) chert layers, (3) thin
beds or partings composed of minute calcite and dolo-
mite grains, (4) thin zones contalning many g{psum
and anhydrite crystal cavities, and (5) thin lenses of
fine-grained sandstone; the sandstone beds are present
chiefly in the westernmost part of the mapped area.

Lower oil-shale zone. The lower oll-shale zone
ranges in thickness from 520 feet in the easternmost
part of the area to 70 feet at the east end of Cow
Ridge in the south-central part of T. 7 S., R. 98 W.
The content of organic matter in the rocks diminishes
rather abruptly west of the east end of Cow Ridge and
essentially disappears between that place and the west
margin of the mapped area; there, the lnterval occupled
by the zone forms the upgzmost part of the lower shaly
member. The lower oll-shale zone consists largely of
thin- to massive-bedded marlstone that weathers gray
or bluish gray. The marlstone contalns varylng
amounts of organic matter; it alsc contains thin
altered tuff or analcite partings and thin beds of
limestone, algese reefs, and oolitlc limestone. The
strata 1n the zone range from beds that are nearly bar-
ren marlstone to beds capable of ylelding more than 44
gallons of oil per ton. Most beds of the zone, how-
ever, yleld less than 15 gallons per ton.

Middle oil-shale zone. The middle oll-shale zone
ranges In thickness from 120 feet in the eastern part
of the area to less than 10 feet on Cow Ridge at the
west edge of the area. It is separated from the lower
oil-shale zone by a sequence of marlstone beds con-
taining relatively small amounts of organic matter,
whose thickness ranges from 40 to 180 feet. The mid-
dle oil-shale zone Is composed largely of thin-bedded
to massive-bedded shale and marlstone, which weather
gray, dark blue, and nearly black; the potential oil
yield of the beds ranges from a few gallons to 45
gallons per ton, In the northeast part of the area,
part of the middle oil-shale zone averages more than
15 gallons per ton in oil yleld, but elsewhere the
average oil yleld of units more than 15 feet thick 1s
less than 15 gallons per ton. The zone contains many
thin altered tuff and analclite partings, and in the
area between Conn Creek and Parachute Creek 1t contailns
several algae reefs and oolitic beds. Beds of llme-
stone are rare or absent in the middle oll-shale zone
in most places, but near 01d Highmore Post Office, 1in
T. 6 S., R. 99 W., where a stratigrephic section
(column 5, figs. 1 and 4) was measured, many beds of
limestone that are essentilally barren of organic mat-
ter are present.

A sequence of marlstone beds, 14 feet to about 40
feet thick that is relatively barren of oll shale over-
lies the middle oil-shale zone. At most places this
sequence of beds weathers into a groove In the cliffs
or to a gentle slope between cliffs of the more re-
gistant oll shale. The beds that form the groove are
largely marlstone that contains a few thin partings of
analcite. In the western part of Cow Ridge, in the
southwestern part of the area, however, the groove 1is
absent because there the resistant beds of limy fine-
grained sandstone occupy the stratigraphic position
of the groove.

U; r oll-shale zone. The upper oil-shale zone
rangeS An TRIGKRESS Trom 590 fest in East Fork of Conn
Creek to 440 feet at the upper end of Clear Creek. The
zone consists almost entirely of thin- to massive-
bedded marlstone (oil shale), which weathers light
gray to nearly black. Many thin altered tuff or anal-
clte partings and a few analcitized tuff beds rangling
from 0.5 foot to about 3 feet 1n thickness are present
throughout the zone. These analcitized tuff beds
serve as key markers., Some of the marlstone beds 1n
the upper few feet of the zone are silty.

The upper oil-shale zone contalns the richest olil-
shale beds of the Parachute Creek member. Some beds
have a potential oil yield of as much as 60 gallons
per ton. The richest of these beds ranges from 5.6 to
10.0 feet in thickness and is known locally as the
"Mahogany bed." The potential oil yleld of the
"Mahogany bed" 1s less in the westermmost part of the
area than elsewhere. The "Mahogany bed" lies from 5.2
to 14.0 feet below the Mahogany marker, a thin persis-
tent bed composed chiefly of analcite, whose strati-
graphic position is shown on figures 1 and 4; the in-
terval between the two beds decreases westward across
the area. A sequence of beds 10 to 130 feet thick in
the lower part of the upper oll shale zone 1s referred
to as the Mahogany ledge (Bradley, 1931, p. 23); it in-
cludes the "Mahogany bed" of local usage and numerous
other rich beds that are similar to old mahogany 1n
their reddish-brown color and their texture. In the
mapped area the Mahogany ledgp constitutea the thick-
est sequence of beds of oll shale whose average oll
yield exceeds 25 gallons per ton. In general, the
oll-shale beds are richest and thickest 1n the north-
eastern part of the area. The richest oll-shale beds
weather graylsh white or blue gray and form reslistant
ledges throughout the area.

Cavities ranging from less than a foot to about
5 feet in dlameter are present through much of the
Parachute Creek member above the "Mahogany bed." These
cavities were formed by the leaching of nahcolite, a
sodium bicarbonate mineral, which was precipitated out
of lake waters during the deposition of the Green River
;ediments (Bradley, 1930a, pp. 5-6; 1931, pp. 32-

Key beds of the Parachute Creek member. Several
key beds present 1n the Parachute Creek member persist
throughout the area, and were identified in the 10
stratigraphic sections measured (fig. 4). Perhaps the
most widely used key bed 1s the analcitized tuff bed
known as the Mahogany marker; it lies from 40 to 114
feet above the base of the upper oll-shale zone and
from 5 to 14 feet above the "Mahogany bed." The
Mahogany marker 1s a bed about 0.5 foot thick, com-
posed mainly of analcite crystals 0.1 to 2.0 mm in
dlameter. The surface of the bed is commonly gray,
but locally it is brown, owing to a coatling of as-
phalt on the analclite crystals; at several places an
iron stain has lmparted a reddish hue to the bed. The
most conspicuous key bed in core drill holes 1is an an-
alcitized tuff bed that lies 118 to 200 feet above the
base of the upper oll-shale zone. This bed is char-
acterized by wavy Ilnterbedded lenses of marlstone of
varylng thickness ranging from a foot or less to 3
feet. A thin analcite parting was cbserved throughout
the area 1n the upper rt of the Parachute Creek mem-
ber. It 1ies 200 to 260 feet above the Mahogany
marker, 1s associated with the uppermost of three thin
but prominent ledge-fo rich oll-shale beds, and
in most places lies 20 to 38 feet below the lowest
mappable gypsum-anhydrite crystal cavity zone. This
key bed is particularly useful in identifylng the upper
boundary of the rich oll-shale beds.

Evacuation Creek member. The Evacuation Creek
membeT overlies the Parachute Creek member, and in
most places is exposed in rounded slopes along the
margins of the Roan Plateau. The contact between the
Evacuation Creek member and the underlylng Parachute
Creek member was drawn at the base of the lowermost
massively bedded siltstone or sandstone. The Evacu-
ation Creek member, as mapped in the DeBeque area,
attalns a thickness of as much as 650 feet in the area
northwest of Mt. Callahan, although there the upper
part of the sequence designated as Evacuatlon Creek
possibly includes some beds belonging to the Bridger
formation. The lower 200 feet of the Evacuation Creek
member conslsts largely of lentlcular and channeled
gray siltstone and gray, yellow, and brown fine- to
medium-grained sandstone contalning some plant remains.
Marlstone contalning low-grade oil shale 1s present
locally in the lower part of the Evacuation Creek mem-
ber. In general, the Evacuation Creek member weathers
to yellow and brown rounded slopes.

Igneous rocks

The summit of Mt. Callshan is underlain by a
basalt flow about 50 feet thick. Ogden Tweto examlned
mlicroscoplcally two thin sections of the rock collected
at Mt. Callahan and reported orally that the groundmass
consists mostly of plagloclase (labradorite), some
magnetite and augite, and a small amount of olivine
and calcite or dolomite. The phenocrysts are princi-
pally augite and olivine, but there are a few aggre-
gates of calcite or dolomite grains pseudomorphic
after plagloclase, and a few large crystals of apatite.

Andesite and basalt flows of late Tertiary and
uaternary (?) age are present on Battlement Mesa
Burbank et al., 1935), 12 mlles southeagst of Mt. Cal-
lahan. The altitude of Mt. Callahan is 8,607 feet and
the altitude of the highest point on Battlement Mesa

i1s 9,282 feet. Accordingly, it appears likely that
the basalt on Mt. Callahan 1s an outlier of one of the
flows on Battlement Mesa. As the basalt on Mt. Cal-
lshan apparently was deposited prior to cutting of the
Colorado River canyon, it 1is probably of late Tertiary
age.

STRUCTURE

Most of the DeBeque oll-shale area 1s on the
southwest flank of the Piceance Creek Basin, which is
a broad reglonal structural feature 100 mlles or more
long and 40 miles or more wide, trending slightly east
of south across the southwestern part of northwestern
Colorado (Bradley, 1931, pl. 1). The axis of a struc-
tural basin trends southeast across the DeBeque oil-
shale area, passing about 3 mlles southwest of its
northeast corner (fig. 2). This axls may be that of
the Piceance Creek Basin, but mappling north of the
DeBeque area will be required before the relation of
the two features can be established. The dip of beds
of the Green River formation on the part of the north-
east flank of the basin lying in the northeastern part
of the DeBeque area is only 50 feet to the mile (Duncan
and Denson, 1949). Farther east the dip lncreases on
the southwest flank of the Grand Hogback monocline,
ghi;:-h forms the east boundary of the Piceance Creek

asin,

The average rate of dip of the Green River beds
on the southwest flank of the reglonal structural
basin in the DeBeque oil-shale area 1is about 40 feet
to the mile, but this regional dip is interrupted by
two well-defined but low-dipplng structural features--
the Crystal Creek anticlinal nose and the Clear Creek
basin, both of whose axes trend southeast. The rate
of dip on the northwest flank of the Crystal Creek anti-
clinal nose is about 100 feet to the mlile and -he rate
of dip on the steepest part of 1ts southwest flank is
200 feet. The average dip on the southwest flank of
the Clear Creek basin is only slightly greater than the
regional dip of 50 feet to the mile., It 1s noteworthy
that Clear Creek follows closely the axis of the Clear
Creek basin.

The structure contours shown on figure 2 were
drawn on the Mahogany marker. Structural data col-
lected in the fileld on beds in the Douglas Creek, Gar-
den Gulch, and Evacuation Creek members of the Green
River formation and on beds in the Wasatch formation
indicate that the attitude of all beds in these for-
mations conforms to the attitude shown for the Mahogany
marker.

CHARACTER OF THE OIL SHALE AND ASSOCIATED MARLSTONES

The character of the marlstones, lncluding the
oll shale of the Parachute Creek member of the Green
River formation, has been previously described in de-
tail (Bradley, 1931, pp. 22-32); most of the essential
features, however, are repeated below. The oil shale
is marlstone that has an appreclable content of or-
ganic matter; it is a very fine grained carbonate rock,
finely laminated to massively bedded; it weathers to
gray, light brown, or to a blue gray or white, the
color apparently being controlled by the amount of or-
ganic matter present. In general, the marlstone rich
in organic matter weathers blue gray or blulsh white,
and a rock containing small amounts of organlc matter
weathers gray or light brown. Freshly broken surfaces
of o0il shale are gray to brown or black. Most of the
rich oll-shale beds have a waxy or satiny luster on
fresh fracture and the lean beds have a dull luster.

Owing to the large amount of organic matter pres-
ent in the oil-shale beds, they are more resistant to
weathering than the beds of shale and marlstone that
are interstratified with them. The effect of dif-
ferential weathering is particularly conspicuous on
steep slopes and cliffs, where the rich oll-shale beds
form prominent overhanging ledges and the léan marl-
stone beds form grooves or recesses. The rich olil-
shale beds are tough and break with an lrregular frac-
ture; weathering causes them to split along bedding
planes. Moreover, the bedding planes are sharply de-
fined and persistent. In the mining operations _pe
conducted by the U. S. Bureau of Mines 10 miles eas
of the DeBeque oll-shale area, the rich oil-shale beds
are separated readily from the overlying lean beds.
The lean beds there form a smooth roof, which shows
r-emarka‘gée strength in underground workings 60 feet or
more wide.

Most of the marlstone beds containing much or-
ganic matter (oil shales) are thinly laminated, the
laminse being alternately rich and lean in organic
matter. The occurrence of the laminae is rhythmic or
cyclic in many beds; such laminae have been interpreted
by Bradley (1930b, pp. 95-96; 1931, p. 26) as varves..
Some marlstone beds contaln subangular to rounded frag-
ments of reworked oll shale distributed irregularly
throughout the beds. These beds or sequence of beds,
which 1n most places range fram 1 to 6 feet in thick-
ness, locally contaln tight folds and contorted lam-
inae; such beds are commonly rich in organic matter.

The specific gravity of marlstone of the Green
River formation ranges from about 1.67 for rich oil
shale, which is capable of yielding 75 gallons of oil
per ton, to about 2.5 for lean oll shale, which 1s ca-
pable of yielding 10.5 gallons of oil per ton (U. S,
Bureau of Mines, 1949, p. 44). The specific gravity
of the rock is, in general, lnversely proportional to
the content of organic matter.

COMPOSITION OF THE MARLSTONE AND OIL SHALE

Investigations by Bradley (1931, pp. 29-32) have
shown that (1) the major components of the marlstone
are lnorganic, and in some beds they may constitute
100 percent of the total; (2) the chief minerals are
dolomite and calcite and they may comprise fram 50 to
75 percent of the rock; (3) the clay minerals, which
are assigned to the beildellite group, form about 20
percent of the lnorganic constituents; analclte com-
prises 1 to 16 percent of the inorganic matter of some
beds; (4) small amounts of detrital minerals such as
quartz, mica, feldspar, and apatite are normally pres-
ent; (5) the syngenetic minerals, in small amounts,
consist of pyrite, opal, chert, and apophyllite, in
addition to the more abundant analcite; the presence of
pyrite is noteworthy because the pyrite yields sulfur
to the shale oil (Gavin, 1924, p. 32) and sulfur must
be removed in refining; (6) the organic matter in the
rock ranges from a trace to 50 percent; it produces a
black or brown surface on the unweathered rock, but 1n
thin sections of the rock 1s 1itself yellow, reddish
brown, and black; most of the organic matter when
viewed through the microscope appears to be structure-
less; thin sections of the material, however, reveal
the presence of some simple aquatic plants and animals,
a vagiety of pollens and spores, and remains of lnsects
and fish.

RESERVES

01l shales in the DeBeque area are richest and
thickest northeast from Brush and Roan Creeks. The or-
ganic matter in all three oll-shale zones of the
Parachute Creek member becomes gradually less southwest
of Brush and Roan Creeks, where the oll shales inter-
finger with barren sandstone and grade into barren
marlstone and shale.

During 1949 there was no large-scale commercial
extraction of oll from the deposits of the area, so
that estimates of oil availeble under probable commer-
clal conditions can only be approximated. Research
groups investigating mining and extractlon methods are
consldering large-scale underground mining from the
Mahogany ledge, a stratigraphic zone that m s from
15 to 130 feet in thickness and that ylelds an average
of 25 to 30 gallons of oll per ton.

Reserve estimates that accompany thls report were
prepared for the richest part of the Mahogany ledge,
which ylelds an average of 45 gallons of oil per ton;
for the part of the Mahogany ledge ylelding an average
of 30 gallons of oil per ton; and for the Mahogany
ledge and adjacent beds yilelding an average of 25
gallons of oil per ton. 0il shale ylelding 15 gallons
of oil per ton has been consldered the lowest-grade
rock In the area that may be of possible future econ-
omic value as a source of synthetic liquid fuel. Es-
timates of these lower-grade reserves for thicker
parts of the upper, middle, and lower oil-shale zones
were also prepared. These estimates show a wide
range in potential oll reserves with the different
cutoff values of average oll yileld.

Estimates of the potential oil yields of the de-
posits are based generally on measured sampled sSectlons
and careful measurement of areas underlain by oil
shale. The oil ylelds of most samples were deter-
mined by the modified Fischer Assay (Stanfield and
Frost, 1949) and similar sample retorts that determine
the amount of oil extractable from a sample by heating
in a closed retort system but do not indicate the to-
tal amount of organic matter. Some experimental re-
torts of other design are reported to yleld less,
others to yleld more oll per sample than the Fischer
retort. Recent studles (U. S. Bureau of Mines, 1949,
p. 45) have shown that when samples of oil shale, which
had been crushed to fragments whose diameters were 0.5
inch or less, were naturally weathered the olil yield
was reduced about 4.2 percent after weathering for 24
months. Analyses of fresh samples from core holes
and of samples from nearby surface sections show an
even greater difference 1n the oil yleld. The fileld
estimates of oil yleld from surface sectlons were
based mainly on comparison of physical properties of
selected samples for which analyses had been made.
Although these field estimates approximate roughly
the yields obtalned by analyses of surface samples,
they are generally lower. In general the reserve es-
timates are thought to be low for parts of the area
where field estimates alone were avallable to deter-
mine the quallity of the oil shale.

The reserve estimates of the upper oil-shale
zone and particularly the Mahogany ledge are consid-
ered reasonably accurate, particularly for the north-
ern part of the map area, where a large amount of
analyzed sample data and stratigraphic data show a
uniform Increase in guallty and gradusl increase in
thickness of the rich oill shales northeastward. These
reserves are clasgifiable mostly as "measured reserves"
but include some "indicated reserves." For the area
south of Brush and Roan Creeks the reserve estimates
of the upper oll-shale zone are consldered less ac-
curate, however, as they are based malnly on field
estimates of oil yleld, from only a few lncompletely
analyzed sample sections. ILikewlse, reserve estimates
for the middle and lower oll-shale zones are consid-
ered less accurate for the map area as a whole, because
they are based mostly on field estimates of oll yleld
and on only a few analyzed sampled sections. These re-
serves are classifiable as mostly "indlcated" but lo-
cally include small amounts of "measured" reserves,

The estimates of reserves represent an approxi-
mation of the total tonnage of rock in the ground and
the total amount of oll that could be extracted from
that amount of rock with present methods of processing.
Recoverable oll from deposits of the area, however,
would be much less, owlng to losses 1n mining, as only
50 to 65 percent of the oil shale would be recovered
with present underground mining methods.

The richest part of the Mahogany ledge, which
ylelds 45 gallons of oil per ton In a zone 5 feet or
more thick, 1s estimated to have a potential yleld
totaling about 4 billlon barrels of oil. Details of
distribution, thickness, tonnage, and oll yield of
the unit are shown in table 2 (unit 1) and figure 5.

The part of the Mahogany ledge that ylelds an
average of 30 gallons of oil per ton in continuous
section 15 feet or more thick 1s estimated to have a
total potentlal yield of about 16.7 billion barrels
of oil, as shown in table 2 (unit 2) and figure 6.

The Mahogany ledge and adjacent beds that yield
an average of 25 gallons of oil per ton in contlnuous
section 15 feet or more thick are estimated to have a
total potential yield of approximately 23.7 billion
barrels of oil as shown in table 2 (unit 3) and figure

Parts of the lower, middle and upper oll-shale
zones that yield 15 gasllons of oll per ton 1n sections
15 feet or more thick have a total potential yield of
about 89 billion barrels of oil in the DeBeqgue area.
Details of distributilon, thickness, tonnage of rock,
and oll yileld of these zones are shown 1n table 3,
figure 8 (upper oil-shale zone), figure 9 (middle oil-
shale zone), and figure 10 (lower oil-shale zone).

REFERENCES

Bradley, W. H., 1930a, The occurrence and origin of
analcite and meerschaum beds in the Green Rilver
formation of Utah, Colorado, and Wyaming: U. S.
Geol. Survey Prof. Paper 153, pp. 1-T.

Bradley, W. H., 1930b, The varves and climate of the
Green River epoch: U. S. Geol. Survey Prof. Paper
158, pp. 87-110.

Bradley, W. H., 1931, Origin and microfossils of the
01l shale of the Green River formation of Colorado
and Utah: U. S. Geol. Survey Prof. Paper 168.

Burbank, W. S., et al., 1935, Geologlc map of Colorado,
U. 8. Geol. Survey

Duncan, D. C., and Denson, N. M., 1949, Geology of
Naval 0il Shale Reserves 1 and 3, Garfield County,
Colorado: U. 8. Geol. Survey 01l and Gas Inv.
Prel. Map. 94.

Gavin, Martin J., 1924, 0il shale--an historical,
gﬁﬁnigtl%, and economic study: U. S. Bur. Mines

Patterson, B., 1939, New Pantodona and Dinocerata
from the upper Paleocene of western Colorado: Field
Mus. Nat. Hist., Geol. Ser., vol. 6, pp. 351-384.

Stanfield, K. E., and Frost, I. C., 1949, Method of
assaylng oil shale by a modified Fischer retort:
U. 3. Bur. Mines R. I. 4477.

U. S. Bureau of Mines, 1949, Synthetic liguid fuels,
1948 Annual Report of the Secretary of the Interior,
ll:grt II, 0il from oil shale: U. S. Bur. Mines R. I.

57

Winchester, D. E., 1923, 011 shale of the Rocky Moun-
tain reglon: U. S. Geol. Survey Bull. 729.

Wood, H. E., et al., 1941, Noamenclature and correlation
of the North American continental Tertiary: Geol.
Soc. America Bull., vol. 52.

GEOLOGY OF DEBEQUE OIL-SHALE AREA, GARFIELD AND MESA COUNTIES, COLORADO
By

Fred R. Waldron, John R. Donnell, and James C. Wright
195]

INTERIOR—GEGLOGICAL SURVEY, WASHINGTON, D. C.

Drafting by Marjorie M. Hicks

OIL AND GAS INVESTIGATIONS
MAP OM 114 (IN 2 SHEETS) SHEET 2

For sale by U. S. Geological Survey, price $1.25 per set

| ———




